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[57] ABSTRACT 

A method and an arrangement for aligning relative to 
each other a mask pattern (C) and a substrate (W) which 
are both provided with two alignment marks wherein 
by using two separate alignment systems (AS t , AS 2 ) 
which are each associated with one mask mark (Mi, 
M2) and which are each used for aligning the substrate 
marks (Pi, P 2 ) relative to said mask marks the substrate 
(W) and the mask (M) can be aligned accurately with- 
out referring to the frame of the exposure apparatus and 
in addition it is possible to detect magnification errors. 

20 Claims, 4 Drawing Sheets 
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MPTWnn cw at Trvmr 1Mlclrl , mi ? ystem or ™ a g in 8 system by which the mask pattern is 

_J"5™ OD OF ALIGNING A MASK AND A imaged onto the substrate. 

SUBSTRATE RELATIVE TO EACH OTHER AND For the desired very high positioning accuracy 
ARRANGEMENT FOR CARRYING OUT THE within some tenths of^SSoSS^^rf 

METH0D 5 themask pattern relative to t he substrat e it is mttlu7g~ 

■m. . , cient to align this substr ate andrnaskrPattem imagery 

The invention relates to a method of aligning relative locally in two mutually perpendicular X and Y direc- 
to each other a mask pattern formed in a mask and a tions parallel to the mask plane and the substrate plane 
substrate on which said mask pattern is to be imaged, an angular alignment of the substrate and the mask-pat' 
using alignment marks present in the mask and in the 10 tern image being also necessary. Therefore, in the 
substrate, a first substrate mark being aligned relative to known arrangement a first substrate mark is* ali gned 
a first mask mark and a second substrate mark being relativ e to a first mask mark. Thus, the substrate is posi- ' 
aligned relative to the first mask mark, which align- fluned correctly at the location of the first substrate 
ments are effected by means of the lens system with mark. Subsequently, the substrate is moved in the X- 
which the mask pattern is imaged onto the substrate. 15 direction over a distance equal to the distance between 
The invention also relates to an arrangement for carry- toe first substrate mark and the second substrate mark 
ing out this method. and care is taken that the second substrate mark is 

Such a method and arrangement are known from aligned relative to the first mask mark. For this pu rpose^ 
U.S. Pat No. 4,251,160. This Patent describes an appa- the substrate may be rotated effect iv ely about an axis ~ 
ratus for repeatedly and to a reduced scale imaging a 20 gcrpenaicular to me substrate "pEuie and throughThe 
mask pattern, for example the pattern of an integrated center or tne masic image . 1 he effective rotation may be 
circuit (IC) 0 n the same substrate, the mask pattern and a comoination of a rotation about an axis a nd a displace- 
the substrate being moved relative to each other along mem transverse to this The displacement at the ^ 
two mutually perpendicular directions in a plane paral- substrate and the substrate table is measured by means ^ / 
lei to the substrate plane and the mask plane in the 25 ?)' r P r exam Ple» an interferometer sy stem whichem- r 
interval between two succeeding exposures. Jfloys the frame. of T Ee exposure apparatus oFa part of I 

Integrated circuits are fabricated by means of diffu- Tj jjL^^ lhc angular ft™nt a t.nn " r ^ 

ston and masking techniques. A plurality of masks with the^suostra'tb is bnBTeiated to the frame of the exposure 
different mask patterns are then imaged in succession at apparatus. 

the same location on a semiconductor substrate. Be- 30 For P ositionin g the mask pattern at the correct angle 
tween succeeding imagings at the same locations the ? secon d mask mark is imaged onto the first mask mark . 
substrate should be subjected to the desired physical V * separate optical system. Care is taken that lines of 
and chemical changes. For this purpose, after the sub- ^e image of the second mask mark which extend in the 
strate has been exposed by a mask pattern it must be X-^ection coincide with lines of the first mask mark 
removed from the apparatus and after it has been sub- ? CXtCnd ln the X-direction. T *e X-direction is the 
jected to the desired process steps it should be replaced duectix f m which the substrate is moved during align- 
therein in the same position in order to be exposed by mCI ? ? c tw . 0 * ubstrate marks relativ e to the first 
means of a second mask pattern etc., care being taken m&TK X-direction is referred to the frame 

that the image of the second mask pattern and the sue- ^ ?L . exp , OSU / c aPP^* 1 * by the interferometer system, 
ceeding mask patterns is positioned accurately relative c "t f m . . 0wn arrangement the angular orientation 
to the substrate. of the mask IS also related to the frame and, conse- 

Diffusion and masking techniques may also be em- qu ^ ntly » angular orientation of the mask and the 
ployed in the fabrication of other structures with details 5^!£.«l»t"ve to one another is determined by this 
of the order of magnitude of micrometers. Examples of « K' ^J*™"* ™ the sta- 

tus are structures of integrated optical systems or guid- i ■Sf! ^l^l^f Cally ° n thc thcrmaI stabiIit ^ 
ing and detection patterns of ma^etic4main mfL- S^^f^ m ° f the ^ In thU 

nes. In the fabrication of such structure it is also neces- f wu ? r ! t ? od * m . can * e conti ™- 

sary to align images of mask patterns very accuracy ™ defomatton of a atonal under load in the long 
relative to a substrate. <n le ™' 

In view of the multitude of electronic components m ^ 'T™* for th . e re P eated \**&*S of 

per unit area of the substrate and the r2 3 ^1 f£T* * ac , cord 1 ance with the U.S..Pit. No. 

dimensions of these components mcreasmgly striken H"^. ve 7 Stable for use in the 

requirements are imposed on the ««<acy B ^^K !S^ t £ n h T* ^ 

integrated circuits are fabricated. The locations where « £ ■ ' ^ °lf et ° f ° DC or more - 

the successive masks should Ul^S^S^ * ^ZIT? IT* 1°* component. 

strateshouldthereforebedefined wiimcreimT^ £2^f2i? ^^"f -™ ^ Sm ^ r 
racy . 6 dimensions of these components, has lead to a growing 

U.S. Pat No 4 251 ifin H^riK-c o« ,~ * r need for 311 a PParatus which is capable of repeatedly 

the mask pattern. The principal element for hnaging the diameter of the nrrfer r*f it rL~T™l cxam P le > 01 a 
substra* „* on ^ mask ^ „ the project fJ lens t^^Z^^^^E 



05/25/2004, EAST Version: 1.4.1 



4,778,275 



was not serious may play an important part, namely the 
problem that the behaviour of the projection-lens sys- 
tem depends on ambient influences. In the case of vary* 
ing ambient parameters, specifically air pressure, the 
relative refractive indices in the projection-lens system 5 
may change to such an extent that the magnification of 
this system changes. Thus, the need arises to detect the 
magnification error in order to provide a correction for 
this. 

In addition to the magnification error which arises as 10 
a result of deviation in the projection-lens system itself, 
it is also possible that during imaging of the mask pat- 
tern onto the. substrate magnification errors arise as a 
result of dimensional variations in the mask pattern 
caused by temperature variations and mask deforma- 15 
tions and as a result of thermal expansion of the suspen- 
sions of the projection-lens system and the mask in the 
exposure apparatus. Moreover, dimensional variations 
in the substrate, which also play a part in the known 
apparatus, still exert a substantial influence on the qual- 20 
ity of the mask-pattern image. 

It is the object of the present invention to provide 
method and arrangement for aligning a mask pattern . 
relative to a substrate in which the relative angular 
orientation of the mask pattern and the substrate is de- 25 
termined directly by optical means and no longer by the 
frame of the exposure apparatus, and in which the mag- 
nification with which the projection-lens system images 
the mask pattern onto the substrate is determined opti- 



such a way that one of the mask marks is imaged on this 
third substrate mark. This enables the six parameters to 
be determined in only two successive alignment steps. 

However, in many cases it is required to have a 
greater freedom in respect of the choice of the positions 
and the number of substrate gratings. Therefore, the 
method in accordance with the invention is preferably 
characterized further in that the individual alignments 
follow each other in time. Between the alignment steps 
the substrate may be moved under control of its dis- 
placement system in order to position a following sub- 
strate mark opposite a' mask mark. Thus, only two sub- 
strate marks 7 are needed and, moreover, no additional 
requirements have to be imposed on the size of the 
image field of the projection-lens system. 

The two or three substrate marks are employed to 
define a first direction in which, during the repeated 
exposure, the substrate and the mask are moved relative 
to one another. The second direction of movement is 
then the direction perpendicular to the first direction. 

An alignment method in which the two directions of 
movement need not be perpendicular is characterized 
further in that two additional substrate marks are 
aligned relative to the two mask marks. This method 
provides the additional possibility of detecting deforma- 
tions along an axis which extends obliquely relative to 
the X-direction of movement and of correcting for 
these deformations during repeated exposure. When 
even more substrate marks are employed it is also possi- 



cally. In accordance with a first aspect of the invention 30 ble to correct for further non-linear deformations or 



the method is characterized in that, in addition, at least 
one substrate mark is aligned relative to a second mask 
mark using the said lens system. 

This method, which is referred to as a two-point 
alignment method, in which at least three separate 35 
alignments are performed, enables at least six parame- 
ters involved in mask-pattern imaging to be determined 
using the displacement-measuring system for the sub- • 
strate. These parameters are the local position in two 
directions of the mask-pattern image on the substrate, 40 
the image size of this mask-pattern image, the distance 
between the substrate marks, the angular orientation of 
the mask-pattern image on the substrate, and the angu- 
lar orientation of the substrate. The two last-mentioned 
parameters define the angular orientation of the mask- 45 
pattern image relative to the substrate. These six param- 
eters are employed for positioning the mask-pattern 
image not only in two directions but also its angular 
relationship relative to the substrate. Moreover, the 



irregularities in the substrate. 

The invention is not only suitable for the non- 
repeated alignment of the entire substrate by means of 
substrate marks which are situated outside the area in 
which a plurality of images of the mask pattern must be 
formed but also for the repeated alignment of this sub- 
strate each time before a mask pattern is imaged. To this 
end the method in accordance with the invention is 
characterized further in that substrate marks situated 
within the substrate area and between sub-areas in each 
of which a mask pattern is to be imaged are aligned 
relative to the mask marks. 

In accordance with a second aspect of the invention 
the arrangement for carrying out the alignment method, 
which arrangement comprises a first optical alignment 
system for aligning a first mask mark relative to sub- 
strate marks, which alignment system comprises a radia- 
tion source producing an alignment beam, a lens system 
for imaging a substrate mark and the first mask mark 



resulting information enables the size of the image of the 50 onto each other, and a radiation-sensitive detection 



mask pattern to be adapted to the scale of the substrate, 
which scale is dictated by the distance between the 
centres of two substrate, marks which are situated on 
opposite sides outside the area on the substrate where 
the mask pattern is to be imaged repeatedly. These two 55 
substrate marks are employed to define the position and 
the size of the mask-pattern image before repeated im- 
aging is started. 
Alignment is also possible by means of three instead 



system in the path of the alignment beam which has 
interacted with both the substrate mark and the first 
mask mark, the output signal of the detection system 
being a measure of the position of said alignment mark 
relative to each other, is characterized in that there is 
provided a second analogous optical alignment system 
for aligning a second mask mark and a substrate mark 
relative to each other, the lens system being common to 
the first and the second alignment system. In this re- 



of two substrate marks. Two of the substrate marks are 60 spect analogous is to be understood to mean that the 



then arranged adjacent a first side of and outside the 
area in which the mask pattern is to be imaged repeat- 
edly, namely at such a distance from one another that 
they are imaged simultaneously on the two associated 
mask marks. The third substrate mark is then situated 65 
adjacent a second side opposite the first side of and 
outside said area and is aligned after the substrate and 
the mask have been displaced relative to one another, in 



second alignment system has the same function as, and 
operates in a way analogous to, the first alignment sys- 
tem, minor differences between the elements of the two 
systems being possible. 

Thus, there is a separate alignment system for each of 
the two mask marks. If used in conjunction with two 
substrate marks these alignment systems are used after 
each other and not simultaneously, whilst moreover the 
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substrate is shifted relative to the mask when changing mask mark observed by the detection system and the 

over from one alignment system to the other. Since the image on this mask mark of a substrate mark relative to 

substrate marks are not imaged simultaneously, the use each other. In the case of grating marks the displace- 

of Ae alignment arrangement is not limited by the size ment is of the order of half a period of the mask grating, 
of the.image field of the projection-lens system. 5 This means controlled by the periodic signal may 

The apparatus m accordance with the invention may comprise drive means for the mask, which cause the 

Aerefore be character** tether in that the distance mask ^ t0 be move d periodically, or a polaristtbn 

SK%&^2^^ iU ^ h ,y,t T• i, m0dulat0r m with poUrisation-se^tive 

variable This enables this arrangement to be used in elements which ensure that the image of the substrate 

It is to be noted that European Patent Application dyiUmU9 ™* &™ » substantial im- 
No. 0,164,165 describes an ap^ratus comSggi S «^ u 
optical alignmer^ystems foT positioning HSoltrate" c ill^?? ^ g T lgS . the SUbStfate 
^eteivT-ton rcfertS^TSlk However, th Vappa mus ' . P Wj*' 016 i^5^ ent ^J?™' beam mt0 a P lural * 
?erv^f6TprHfiiun1Tn^bstrate before the subsuate lty ° f s ^ beain ? of ^rent diffraction orders, namely a 
is brought in an apparatus for exposing the substrate zeT ^ 0T ^ subbeam, a plurality of first-order. subbeams 
through a mask pattern. In said apparatus the substrate 20 u * p T lural ^ tv °( second -<>rder and higher-order sub- 
marks are not imaged on the mask marks but they are * eam f\ , P? nci P lc > onl y «*« lower-order subbeam can 
imaged directly on radiation-sensitive detectors. The be for imaging a substrate grating, 
two alignment systems of the known apparatus do not However, preferably the arrangement in accordance 
have a common projection-lens system. Wlth ^ mvcn tion is characterized further in that in 

Further, German Offenlegungsschrift No. 3,242,002 23 03011 of thc °P tical alignment systems in the radiation 

describes an arrangement for aligning a mask pattern patn °. f the a ^ nment beam between the mask and the 

relative to a substrate, which arrangement comprises detection system a second lens system is arranged for 

two separate optical alignment systems. However, each imaging the pupil of the lens system which is common 

of these alignment systems is associated with one sub- t0 tne two alignment systems, and in that a diaphragm is 
strate mark and is employed only for aligning this mark 30 arran ged in the plane of the pupil image, which dia- 

relative to the mask mark associated only with this pnragm has apertures at the locations of incidence of 

substrate mark. For both alignment systems only one beam portions which comprise these components of 

radiation source is provided and the beam produced by subbeams diffracted in the first diffraction orders by a 

this source is alternately routed into one of the align- substrate grating which are diffracted in the zero and 

ment systems by a rotating mirror. 35 f" irst orders by a mask grating. 

A preferred embodiment is characterized further in ^ a result of the use of the diaphragm, also referred 

that the substrate marks comprise phase-diffraction to as an order diaphragm, the contrast of the image of a 

gratings and the marks comprise amplitude-diffraction substrate grating is enhanced, disturbances in a substrate 

gratings. grating and in a mask grating hardly affect the resulting 

As is described in U.S. Pat. No. 4,251,160 periodic 40 alignment signal, and the accuracy with which a sub- 
gratings, as compared with other alignment marks such strat e grating can be aligned relative to a mask grating 
as for example square marks or stripes which intersect & twice as large as in the absence of this order dia- 
each other perpendicularly, have the advantage that phragm. 

when positional errors are measured they are averaged Preferably, the arrangement in accordance with the 

over the gratings. This enables an accurate alignment to 45 invention is characterized further in that in each of the 

be obtained, even if one or more grating lines are miss- optical alignment systems in the radiation path of the 

ing or when the grating lines are serrated lines instead of alignment beam between the lens system and the mask 

straight lines. Especially in the fabrication of integrated mark an optical correction element is arranged for cor- 

circuits substrate gratings have the advantage that they reeling the size and the axial position of the substrate- 

cannot grow asymmetrically or become filled up during 50 mark image formed by this lens system, 

the consecutive diffusion processes, as would be possi- The invention will now be described in more detail, 

ble when other alignment marks, for example squares, by way of example, with reference to the drawings 

were used. The substrate gratings need only be pro- In the drawings: 

vided once in the entire fabrication cycle of an inte- FIG. 1 shows a known apparatus for the repeated 

grated circuit and need not be formed again for every 55 imaging of a mask pattern onto a substrate, 

newly deposited layer. In comparison with amplitude FIG. 2 shows a known alignment mark in the form of 

gratings, phase gratings on the substrate have the ad- a two-dimensional grating 

vantage that they remain distinctly "visible". More- FIG. 3 shows an alignment arrangement in accor- 

over, the phase gratings can effectively withstand the dance with the invention, 

multitude of diffusion processes to which the substrate 60 FIGS. 4, 5, 6 and 7 schematically illustrate the princi- 

is to be subjected during the fabrication of integrated pie of and modifications to the alignment method in 

circuits. accordance with the invention, and 

A preferred embodiment of the invention may be FIG. 8 illustrates the operation of an order dia- 

cnaractenzed further in that in each of the optical align- phragm in an optical alignment system 

ment systems in the radiation path of the alignment 65 FIG. 1 shows a known apparatus for the repeated 

^ H b t etv ; een lens and the radiation-sensi- imaging of a mask pattern onto a substrate. The princi- 

trnLd h ° n ^ * mCanS °* P Ie of »PP«*» «* a Paction cSuSJTn 

trolled by periodic signals for periodically moving a which a pattern C to be imaged is mounted, a^dTmov^ 
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able substrate table WT by means of which the substrate m ark Mi. Corresponding elements of the two alignment 

can be positioned relative to the mask pattern C. S'ySJle'ins bear identical reference numerals, the reference 

The projection column incorporates an illumination numerals of the elements of the system AS2 being 

system which may comprise a lamp LA, for example a primed to distinguish them from those of the system 

mercury lamp, an elliptical mirror EM, an element IN, 5 ASi. 

also referred to as integrator, which ensures an homoge- The construction of the system ASi and the manner 

neous radiation distribution within the projection beam in which the relative position of the mask mark M 2 and 

PB and a condensor lens CO. The beam PB iDuminates the substrate ma ix fj is d etermined by jneans of this_ 

the mask pattern C in the mask M, which mask is ar- system win now oe des cribed first 

ranged on a mask table MT. 10 *Thu alignment system ASi comprises a radiation 

The beam PB issuing from t he mask pattern C tra- source 1, for example a helium-neon laser, which emits 

verses a projection lens system shown schemati- an alignment beam b. A beam splitter 2 reflects this 

cally, which is arranged in the projection column and beam to the substrate W. The beam splitter may com- 

which forms an image of the pattern C on the substrate prise a semi-transparent mirror or a semi-transparent 

W. The projection lens system, for example, has a mag- 15 prism, but suitably comprises a polarisation-sensitive 

nification of M=l/5, a numerical aperture N.A.=0.38, prism followed by a X/4 plate 3, where Vis the wave- 

and a diffraction-limited image field of 23 mm diameter. length of the beam b. The projection-lens system PL 

The substrate is arranged on a substrate table WT , focuses the beam b to form a small radiation spot V of 

which is supported by for example an air-cusKion. The a diameter of the order of 1 mm onto the substrate W. 

projection-lens system PL and the substrate table WT 20 This substrate reflects a part of the beam as the beam bi 

are accommodated in a housing HO which at the bot- towards the mask M. The beam bi traverses the projec- 

tom is closed by a base plate BP, made of for example tion-lens system PL, which system images the radiation 

granite, and at the top by the mask table MT. spot V on the mask. Before the substrate is mounted in 

As is shown in FIG. 1, the mask MA comp rises two the exposure apparatus it is so pre-aligned in a pre-align- 

alignme nt marks Mi and M2. Suitably, these marks com- 25 ment station coupled to the arrangement, for example a 

prlsft detraction gratings, but they may alternatively station as described in European Patent Application 

comprise other marks such as squares or strips which No. 0,164,165, that the radiation spot V is situated on 

optically differ from their environment. The alignment the substrate mark Pi. This mark is then imaged onto 

mar ks are t wo-dimen sional, that is they comprise sub- the mask mark M2 by the beam b|. Allowing for the 

marks which extend~in~two mutually perpendicular 30 magnification M of the projection-lens system, the di- 

directions, the X-direction and the Y-direction in FIG. mension of the mask mark M2 is adapted to that of the 

1. The substrat e W, for example aje^cojaductcj^sjife; substrate mark Pi, so that in the case of a correct posi- 

strate, onto which a plurality of images of the pattern C tioning of the two marks relative to each other the 

must be formed adjacent each other, comprises a plural- image of the mark Pi coincides accurately with the 

ity of align marks , preferably also two-dimensional diP 35 mark M2. 

traction gratings,' of which two gratings Pi and P2 are Oh its way towards and back from the substrate W 

shown in FIG. 1. The marks Pi and P2 are situated the beam b, and the beam bi respectively, has twice 

outside the areas on the substrate W where the images traversed the X/4 plate 3, the optic axis of this plate 

of the pattern C must be formed. Suitably, the grating extending at an angle of 45" to the direction of polarisa- 

marks Pt and P2 are phase gratings and the grating 40 tion of the linearly polarised beam b issuing from the 

marks Mi and M2 are amplitude gratings. source 1, The beam bi traversing the X/4 plate then has 

FIG. 2 shows an example of one of the two identical a direction of polarisation which is rotated through 90* 
substrate phase gratings to an enlarged scale. Such a relative to the beam b, so that the beam bi is transmitted 
grating may comprise four sub-gratings Pi. a , P^ Pi^ by the polarisation separating prism 2. The use of the 
and Pj^, of which two sub-gratings Pj.&and Pi,,/ serve 45 polarisation separating prism in conjunction with the 
for alignment in the X-direction and the two other sub- X/4 plate has the advantage that the alignment beam can 
gratings Pi, a and Pi (C for alignment in the Y-direction. be coupled into the radiation path of the alignment 
The two sub-gratings Pi^and Pj^have a grating period system with a minimal loss of radiation, 
of, for example, 16 . jim and the sub-gratings Pi (fl and The beam bi transmitted by the alignment mark M2 is 
Pyhaye a grating period of, for example, 17.6 ^m. The 50 reflected by a prism 11 and is directed towards a radia- 
dimensions of each of the sub-gratings may be, for ex- tion-sensitive detector 13, for example by another re- 
ample, 200 x 200 fim. By means of these gratings and a fleeting prism 12. This detector is, for example, a corn- 
suitable optical system an alignment accuracy of, in posite photodiode comprising, for example, four sepa- 
principle, less than 0.1 pun is attainable. rate radiation-sensitive areas corresponding to the num- 

FIG. 3 shows an arrangement in accordance with the 55 ber of sub-gratings shown in FIG. 2. The output signals 

invention by means of which this alignment can be of these detectors are a measure of the registration of 

effected without the frame of the exposure apparatus or the mark M2 with the image of the substrate mark Pi. 

a part of this frame being used, as a reference, so that for The se si g nals canJbej?rocessed electronicall y, and mav_ 

example thermal instabilities of the frame cannot ad- be em ployed to move t h e mask and th e substrate*rela- 

versely affect the alignment accuracy. Moreover, this 60 t ive to each other by mea ns, of driv e system s, not 

apparatus enables the magnification with which the shown, in such a way th at tne image o f the mark Pi 

pattern C is imaged on the substrate W to be controlled. c^tacldeTwith the marFMr. Thus, an a utomatig^Kgjgr 

As FIG. 3 shows, the alignment arrangement com- rftem 'arrajjkemen t 5*ootamed.. . 

prises two separat e and i dentical alignment system s ,, ^^e^n^pljfc7er 14, for example a semitransparent 

^Si and AS2 which are arranged symmetrically relative 65 prism, may be arranged between the prism 11 and the 

tothe optical axis AA' of the projection-lens system PL. detector 13 to split off a part of the beam b 1 so as to form 

The alignment system ASi is associated with the mask a beam b* The split-off beam 02 is incident on a televi- 

mark M2 and the alignment system AS2 with the mask sion camera 17, for example by two lenses 15 and 16, 
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which camera is coupled to a momtor, not shown, on ment the angular orientation of the substrate, that is the 
which the alignment marks P, and M 2 are displayed for angle between the line interconnecting the centres of 
the operator of the exposure apparatus. The operator the marks P, and P 2 and the X-direction, is determined, 
can then establish whether the two marks coincide or During the alignment of the mark P 2 relative to the 
can move the substrate W by means of manipulators in 5 mark M, the substrate is moved, for example by a corn- 
order to make the marks coincide. bination of a translation and a rotation, so that a possible 

In a way similar to that described above for the marks angular error is eliminated during this alignment. As 
M 2 and P, the marks M, and P, and the marks Mi and during the change from position 2 to position 3 the 
P 2 can also be aligned relative to one another. For the displacement of the substrate is also measured by means 
two last-mentioned alignments the alignment system 10 of the interferometer system the distance between the 
ASi is employed. FIG. 4 schematically indicates how substrate marks Pi and P 2 is also known. Durina the 
the abgnment method in accordance with the invention repeated imaging of the mask pattern C onto the tub- 
pr^eeds^The yanous ahgnment ^steps are designated 1. strate it is then possible to correct for variations in this 

^ k u s y stems AS « AS 2 ™ re Pre- distance, which variations may be caused for example 

anted by then alignment beams b and b\ is by thermal expansion of the substrate of warping of ihis 

Before the substrate W is introduced into the expo- substrate, 
sure apparatus it has been pre-aligned coarsely, that is After the alignment method in accordance with the 
within an accuracy of some tens of fim, m a pre-align- invention has been performed, the mask and the sub- 
meat station in such a way that one of the alignment strate are not only aligned correctly relative to each 
beams b or b is incident on one of the substrate marks 20 other in the X- and Y-direction but an incorrect angular 
Pl °i ? . It " po ^ ,e l ° ensu 5 e . that first the substrate orientation of the line interconnecting the centres of the 
mark P, is situated in the radiation path of the system mask marks relative to the line interconnecting he 
AS,, that is m the beam b, which is position 1 in FIG. 4. centres of the substrate marks is also eliminated More- 
By means of the system AS, and by moving the sub- over, this provides information on the magnification 
strate and the mask relative to each other in the X-direc- 25 with which the mask pattern is imaged and on the the " 
hon and the Y-d.rection the marks P, and M 2 are mal expansions and deformations of the substrate and 
aligned relat,ve to one another. ^ mask> enabling the magnification of the ° 

♦iJ^S^— &C maSk fela - apparatus t0 be ada P ted and «** system for moving the 

iv e to each-other is measured with a very accur ate substrate and the mask relative to each other to be cali- 

t wo-dimensional displacement system, for example the 30 brated 

TlV^nl^lT ™ US ^ P f N ?- ^ preSent ali e nment fflethod mere ly «nploys the 

crilJ £ w??2E «em. which ia represented schemati- marks on the substrate and on the mask as reference in 

cally m FIG. 1 where it bears the reference IF, cooper- conjunction with the displacement-measuring system It 

ZtJll ^,h« T W l C » the SyStem AS > 35 of the a PP«*«V so that instabilities of this apparatus 

ascertains that the marks P, and M 2 are aligned cor- hardly affect the alignment accuracy. 

S2L mt f rf " 0meto sy ? tem determines where the Instead of a two-dimensional interferometer system it 

substrate mark P, is situated in the coordinate system is also possible to employ another displacement-meas^r 

defined by Ae interferometer system. The position of ing system, for example a grating meSg sy«emTn 

tZZZTfi ^ 4e ^ kl ^ k ^on the substrate is then 40 order to determine the displacement oTSbsS.it 

Sd^LSSSST ? C T^ 11 "V* XstoBction and the is merely essential that such a measuring system define 

^ ° f the ™* Pattera C on a ^°-dtoensional system of coordinates in the sub- 

rsZZ'rtv ♦ kB • v . ■ strata plane and thus a number of reference points in this 

auosequently, the substrate mark Pi is brought into plane. 

«L e „w! Lft^fr an< L the fP*'" 1 " ASl M"<< K » t0 be noted alignment sequence indicated 

employed to ahgn this mark relative to the mask mark : ' in FIG. 4 is not essential; if is also possible to use a 
Mi, position 2 in FIG. 4 By means of the displacement different sequence or different alignment Vernation 
measunng system ,t » then established at which angle It is important only that two maK?k,^£d 

Z£Z£E£Sb£ I s t trate h displaced to the rdative to threc Substrate ^ whikt tw ° ° f 

SSrSM^^?- by meas . u 5 ln 8 svstem > m 50 s^strate marks may be the same marks, as is indicated 

order to bring the mark Pun register with the mark Mi. in FIG 4 

This not only gives the angular orientation of the image However, it is alternatively possible to employ three 

1£^J£TTT?% ° f 7? separatesubstratenwks.asbuidicatedschematic^^ 

t, ^ "5 C a ^ 3bU - onen 1 tatron of * e FIG- 5- One of these marks P, is situated at one side of 

mask MA, but the magnification with which the dis- S5 the area W in which a multiple image of the mask IZ 

SLZESTJS M -' ^ f J ™ toe mask is tern is to be formed and the koThS £arfc 

unaged in the substrate plane k then also known. Conse- are situated at the other side of this area. As is shown in 

quenUy.it « known with which magnification the mask FIG. 3, the two substrate rnarks P 2 and p! weSed 

£vT e L*r g H • on » the strata. This information simultaneously relative to the mas mark M^anX, 

Tth 1 ^ m • fder *! COrTeCt ma 8 niflcation 60 so that in one alignment step four of the above sbe pa 

with which the projection-lens system PL forms an rameters can be determined. The other two naram«er< 

fte mask and the lens system. This adaptation will the mark Pi is situated in register with one of the mask 
hardly affect the unaguig quahty. marks m 2 , M , ^ by i^gS^v^ftS^t 

of ^^t™ T k P ? " m0 , ved ^ tO the path 65 one of 2 ' M>. Again made of the 

of the ahgnment beam b', position 3 in FIG. 4, and, substrate displacement measuring system. 

TZnLT*? ? *? SyStOT AS ? Pj *** M « For the alignment £2to oSo^ach other the 

are aligned relative to one another. During this align- projection-lens system b employed However if the 
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alignment method of FIG. 4 is. used the image field of 
this lens system does not impose any restrictions on the 
alignment arrangement because always only one mask 
mark is to be imaged onto one substrate mark. The 
substrate marks need not be situated simultaneously in 5 
the image field of the projection-lens system. As a result 
of this, it is possible to construct the arrangement in 
such a way that the two alignment systems AS] and 
AS2 can be moved in opposite directions and symmetri- 
cally relative to the optical axis AA' of the lens systems 10 
PL, as is indicated by the arrows Di and D2 in FIG. 3. 
The arrangement may then be used for different types 
of projection-lens systems having object fields of differ- 
ent sizes and for various masks with different distances 
between the mask marks. 15 

Instead two or three substrate marks situated outside 
the projection area W it is possible to employ four 
substrate marks situated outside this area and arranged 
in two pairs, as is shown in FIG. 6. The mark pair Pi, 
P2 can be aligned using the method described with ref- 20 
erence to FIG. 4. Furthermore, the additional marks P3 
and P+ can be aligned similarly, in which case again one 
of the mask marks Mi, M2 is aligned relative to the two 
substrate marks and the second mask mark is aligned 
relative to one of the substrate marks, which is again 25 
effected in conjunction with the substrate-displacement 
measuring system. 

The alignment method illustrated in FIG. 6 is advan- 
tageous if the substrate exhibits deformations and insta- 
bilities which are not circularly symmetrical but which 30 
are oriented at an arbitrary angle to the X-axis. The 
alignment method illustrated in FIG. 6 provides infor- 
mation on these deformations and other irregularities, 
which information is again employed for controlling the 
displacements and/or magnifications during the re- 35 
peated exposure of the substrate via the mask pattern. 

So far, only substrate marks situated on the substrate 
outside the area W in which the "mask pattern is to be 
imaged repeatedly have been described, said substrate 
marks being employed to align the mask pattern and the 40 
substrate before repeated imaging is started. However, 
alternatively, it is possible to arrange substrate marks, 
for example gratings, between the sub-areas W</ within 
which each time one mask-pattern image is formed, as is 
illustrated in FIG. 7.. These substrate gratings P</ each 45 
comprise two sub-gratings P41 and P42 whose grating 
lines extend in the Y-direction and the X-direction re- 
spectively and which serve for alignment in the X- 
direction and the Y-direction respectively. These grat- 
ings need not comprise two sub-gratings with a differ- 50 
ent grating period for each direction, because the align- 
ment system need only have a very small lock-in range 
when these gratings are used. The purpose of two sub- 
gratings for each of the two directions, which sub-grat- 
ings have different grating periods, in the grating mark 55 
shown in FIG. 2 is to extend the lock-in range of the 
alignment system. 

The substrate gratings P</ between the areas W</ en- 
able each mask-pattern image to be aligned separately. 
The method and arrangement described in the forego- 60 
ing may then be employed, using, the same mask marks 
as employed for the alignment of the substrate marks 
situated outside the area W\ It is now also possible to 
correct for local deformations and other irregularities in 
the substrate. 65 

The accuracy of the arrangement is improved sub- 
stantially by modulating the output signals of the detec- 
tors 13 and 13' with a fixed frequency. For this purpose, 
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as is described in the article in "SPIE", Vol. 470, "Opti- 
cal Microlethography", III "Technology of the next 
Decade" 1984, pages 62-69, the mask M and thus, for 
example, the mask mark Nhmay be moved periodically. 
A better alternative for obtaining a dynamic alignment 
signal, which is described in U.S. Pat. No. 4,251,160 and 
which also enables the accuracy of the alignment ar- 
rangement in accordance with the' invention to be im- 
proved, is illustrated in FIG. 3. 

Before it reaches the mark M2 the beam bi has tra- 
versed the polarisation-sensitive separating prism 2, so 
that this beam is linearly polarised and has a specific 
direction of polarisation. Subsequently, the beam b[ 
traverses a plate 8 of a bi-refringent material, for exam- 
ple quartz whose optic axis makes an angle of 45° to the 
direction of polarization of the beam which emerges 
from the prism 2. Alternatively, the element 8 may 
comprise a Savart plate or a Wollaston prism. Two 
beams which are polarised in two mutually perpendicu- 
lar directions emerge from the plate 8 and at the loca- 
tion of the mask mark M2 they are offset from one an- 
other by a specific distance which is dictated by the 
geometry of the mark M2. When gratings are employed 
as alignment marks, this distance is equal to half the 
grating period of the grating M2. The detector 13 is 
preceded by a polarisation modulator 18 and a polarisa- 
tion analyser 19. The modulator 18, for example an 
elasto-optical modulator, is driven by a voltage V# 
supplied by a generator 20. As a result of this, the direc- 
tion of polarisation of the beam emerging from the 
modulator is alternately shifted through 90*. The analy- 
ser 19 has the same principal direction or direction of 
transmission as the polarisation-sensitive prism 2, so that 
alternately a first beam and a second beam are transmit- 
ted to the detector 13, which first beam has a first direc- 
tion of polarisation and has formed, for example, a non- 
shifted image of Pi on M2, and which second beam has 
a second direction of polarisation and has formed, for 
example, an image of Pi on M2, which image is shifted 
by half a grating period. The signal from the detector 13 
is amplified and processed in a phasesensitive detection 
circuit 21, which also receives the signal V$. The out- 
put signal Sa then constitutes the desired dynamic align- 
ment signal. 

When the alignment marks are gratings substantial 
advantages can be obtained by arranging a diaphragm 
in the path of the alignment beam. As is illustrated in 
FIG. 3, two lenses 10 and 22 may be arranged in the 
radiation path between the grating mark M2 and the 
detection system 13. The lens 10 forms an image of the 
pupil of the projection-lens system PL and a diaphragm 
23 is arranged in the plane of this image. The functions 
of these lenses and of the diaphragm can best be ex- 
plained with reference to FIG. 8, which schematically 
shows the principal elements for imaging the gratings 
Pi and M2 onto the detector 13. 

This Figure again shows a projection-lens system PL. 
This system comprises a large number of lens elements 
which are not shown separately. The system PL has an 
exit pupil which, viewed from the mask M, is situated in 
the plane 25. Consequently, the plane 25 is the plane in 
which the exit pupil is imaged by the lens elements of 
the system PL which are situated above this plane. 

The beam reflected by the substrate grating Pi is split 
by this grating into a zero-order beam bi (0), two first- 
order subbeams bi (+ 1) and bi (- 1), and a plurality of 
higher-order subbeams which are not shown because 
they are irrelevant for a correct understanding of the 
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umgmg process. All these subbeams together form a subbeam bi (- 1-1), coincides with the subbeam b, 

faithful image P, of the grating P, in the plane of the (+ 1.0), so that the subbeam b, (- 1,-1) is transmitted 

mask M. This image is formed by the projection lens to the detector 13 by the aperture 26 

system PL. Care is taken that in the case of a correct All the radiation outside the subbeams bi ( + 1) and b i 

alignment of the substrate and the mask-pattern image 5 (-1), which is incident on the grating M 2 and which is 

If r£ f'5f ,ta M! W,h ^ ^f- iS transmitted by this grating in the zero order, is blocked 

(- 1), which are diffracted in different diffraction or- ment of the contrast of the image on the detector The 
ders, are spatially separated from each other in the plane radiation which is incident on the grating M 2 and which 

s^blafTb^^fhTT* * ^ l0Cati °, n ° f 2? 10 ? by *** * second K&er orders 

subbeams b, (+1) and b, (- 1) may be arranged in this is not transmitted by the diaphragm, so thai irregular- 
plane, so that the zero-order subbeam and the second- ities in the mask grating M 2 cannot influence the llign- 
order and higher-order subbeams are suppressed. The ment signal. The part of tie zero-order subbeam b,(0) 

ISnSfXit f any j af0nnati ? n * hich taa from the ^"6 Pi and which is diffracted 

on the position of the grating P,. Depending on the 15 in the +1 order or -1 order by the gratine M, falls 

geometry of the grating, specifically the depth of the outside the apertures 26 and 27, ifkean Ler&elens22 

grating grooves and the ratio between the width of at all. It is ensured that the pans of the first-order sub- 

hese grooves and the width of the intermediate strips of beams which issue from the grating P, and which are 

the grating, the intensity of this subbeam may be sub- diffracted in the zero-order and the first-orders by the 

S. COmp ^ nson w,th the jntensity of the first- 20 grating M 2 are transmitted to the detector, with all the 

order subbeam. By suppressmg the zero-order subbeam consequent advantages 

the contrast in the image P,' can be increased substan- It is to be noted that FIG. 8 only illustrates the situa- 

tially. Since the second-order and higher-order sub- tion in one plane. As the gratings P, and M are twoX 

beams are suppressed, regularities in the grating P, do mensional gratings diffraction also occurs in I second 

sl2 Z „, ^TT 1 If 0nly *? 25 Plane to the plane of drawfng in 8 

P * ^ffT, • SeC ?^ harm ° mc ° f ***** Therefore, in addition to the apertures 26 and 27 the 

Si™ M ^r g ^ m f< 0th f ^.^themagni- diaphragm 23 has two further apertures 28 and 29 
fication M of the projecttonJens system PL is ignored which in the same way as the apertures 26 and 27 for the 

ShTF Tf' \ T°t Wl U Ch * ^ ^ ° f the dime,Kion ^t diffraction oSS for 

grating P,. If care is taken that the grating period of the 30 the second dimension 

Hwf "J** ° f Tf Pl '* b CqUal Smce ^ P~jection-lens system PL is designed for 
to iM tiroes the grating period of the grating P,, the the wavelength of the projection beam PB which 

us£ for? JaX* m thC ^ th3t endw beam bl b reso,ution ' md «• effect ed with a blm bof a 

Tnl™^*?*." y. u- i. -* « different wavelength, the magnification with which the 

£ d^Phragmwkch performs the function system PL images the grating P, may differ slightly 

svttem^L^rrr 6 * 1 ° UtSlde ^ e n i0n - lenS from the desired unification and, "moreover* <£ 

onlvTf ifta™^ r *? ^ .? lt t u fUnCti ° n fanage 0f Pl may be situated &]i fr ti y ° utsid * the plane of 

only !f is arranged m a plane where the subbeams of the mask M. In order to compensate for this a system 4 
different diffraction orders are adequately separated. 40 comprising at least two elements t arSngS in theZh 
Such a plane is obtained by means of the lens 10 which of the beam b,. The system 4 is shown ? , an 13 

t r 8 S v S t^ P PL e if Wh ' Ch ^ lan ? 0f . the pUpa ° f - scale fa *" bottom-left part of FIG. 3 an "cSpriE 

the system PL, in a plane 2S'. The diaphragm 23 is three additional mirrors 5, 6 and 7, which orolone the 

arranged in the last-mentioned plane. The second lens radiation path for the aligruaeTbeam b, «md , Tplano- 

22, together with the ens 10, ensures that the grating 45 convex lens 9. The mirrors? 6 anT? together with "he 

M 2 and the image P,' of thegratingP, which is superim- mirror 2 may be arranged on a block ofTuar^Darent 

SSS^ZA'SSr detector 11 ^ dk - rtt 1 ' tore ^ ^ - 

7^ « J' - the \/4 plate on whose top surface the lens 9 and the 

As the beam b, is not filtered before it is incident on birefringent plate 8, Savart plate or Wollaston prkm are 

orde« a The^rL C ^^V^^^^^^ 50 ^ ^ination'of the mirrS 7^7 «d 

whith ^ 8 of the ^tmg M 2 dictates at the lens 9 in conjunction with the project on-lens sys- 
which angles the subbeams of the various diffraction tern PL ensures that he muse of the mark T>, hL t£ 

% ^ h i UA SUb - COrrect ^ - d « fc-LTKJ ^co^^L 'potion 

beams issuing from the substrate grating P, and the An alternative to the assembly of mirrors Hand7 arTd 

has been token that the components of the first-order 4, and a biconvex lens 42, as is shown in broken lines in 

subbeams from the grating P, which are not diffracted the bottom-left part of FIG 3 

rSfnt t w e r° r ? HCOmp ^ 0f 11 18 0bvi0ns that what 1138 bee » with respect to 

the beams \>i (+ 1) and bi (- 1), are transmitted. These the generation of a dynamic error sienal for the ali™ 

beam components may be represented by:bi(+l,0)and <o men! of the marks M2Md^*"y means of the system 

diffracted m die + 1 order by the gratmg M 2 . that is the other and the marks M, and P 2 relative to e^ch othS 
ubbeams b, (+ l.+l), comcKles with the subbeam b, 65 As the alignment arr^gem^t dSed TerL o^er- 
fciSrSf £ -rT b " (+ 1,+ 1), ^ ak ° ^^"^ °y ates independently of the type of p^em C in Ae n£k 
Uie aperture 27. The component of the subbeam b, (- 1) M the invention may be employed in aU cases wh^ 
durracted in the - 1 order by the grating M 2 , that is the pattern of very fine" detaTsioS a 
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substrate and this pattern should be aligned very accu- 
rately relative to the substrate. Examples of these are 
apparatuses employed in the fabrication of integrated 
optical systems of magnetic domain memories. The 
apparatus with which a pattern is imaged need not be an 5 
imaging apparatus of the repeater type; the invention 
may also be useful in an apparatus in which a pattern is 
imaged only once on a substrate. 
What is claimed is: 

1. A method of aligning relative to each other a mask 1° 
pattern formed in a mask and a substrate on which said 
mask pattern is to be imaged by a projection lens sys- 
tem, said method using at least two alignment marks 
present in both the mask and the substrate, said method 
being practiced by aligning a first substrate mark rela- 15 
tive to a first mask mark and by aligning a second sub- 
strate mark relative to the first mask mark, said align- 
ments being effected by means of the projection lens 
system with which the mask pattern is to be imaged 
onto the substrate, wherein the improvement comprises 
aligning at least one of said substrate marks relative to 
the second mask mark using said lens system. 

2. A method as claimed in claim 1, wherein the indi- 
vidual alignments are sequential. ^ 5 

3. A method as claimed in claim 2, wherein two addi- 
tional substrate marks are aligned relative to the two 
mask marks. - 

4. A method as claimed in claim 2 wherein substrate 
marks situated within the substrate area and between 3Q 
sub-areas in each of which one mask pattern is to be 
imaged are aligned relative to the mask marks. 

5. An arrangement for . carrying out the method as 
claimed in claim 1, 2, 3 or 4, which arrangement com- 
prises a first optical alignment system for aligning said 35 
first mask mark relative to said substrate marks, which 
alignment system comprises a radiation source produc- 
ing an alignment beam, a projection lens system for 
imaging the first substrate mark and the first mask mark 
onto each other, and a radiation-sensitive detection 49 
system in the path of the alignment beam which has 
interacted with both the first substrate mark and the 
first mask mark, the output signal of the detection sys- 
tem being a measure of the position of said alignment 
marks relative to each other, wherein there is provided 45 
a second optical alignment system similar to said first 
including an associated alignment beam and an associ- 
ated radiation sensitive detection system in the path of 
the associated alignment beam, said second alignment 
system for aligning said second mask mark and said 50 
second substrate mark relative to each other, the projec- 
tion lens system being common to the first and the sec- 
ond alignment systems. 

6. An arrangement as claimed in claim 5, wherein the 
distance between the optical axes of the two alignment 55 
systems is variable. 

7. An arrangement as claimed in claim 6, wherein the 
substrate marks comprise phase-diffraction gratings and 
the mask marks comprise amplitude -diffraction grat- 
ings. 60 

8. An arrangement as claimed in claim 7, wherein in 
each of the optical alignment systems in the radiation 
path of the alignment beam between the lens projection 
system and the radiation-sensitive detection system 
there are arranged means controlled by periodic signals 65 
for periodically moving a mask mark observed by the 
detection system and the image on this mask mark of the 
substrate mark relative to each other. 



275 

16 

9. An arrangement as claimed in claim 8, wherein in 
each of the optical alignment systems the alignment 
beam has a radiation path between the mask and the 
radiation-sensitive detection system which has located 
in it a second lens system arranged for imaging the pupil 
of the projection lens system which is common to the 
two alignment systems, and wherein a, diaphragm is 
arranged in the plane of the pupil image, which dia- 
phragm has apertures at the locations of incidence of 
beam portions which comprise those components of the 
first order subbeams issued by one of said substrate 
gratings which are diffracted in the zero and first orders 
by an associated mask grating. 

10. An arrangement as claimed in claim 9, wherein in 
each of the optical alignment systems in the radiation 
path of the alignment beam between the projection lens 
system common to the two alignment system and one of 
said mask marks an optical correction element is ar- 
ranged for correcting the size and the axial position of 
the substrate-mark image formed by the projection lens 
system. 

11. An arrangement as claimed in claim 5, wherein 
the substrate marks comprise phase-diffraction gratings 
and the mask marks comprise amplitude-diffraction 
gratings. 

12. An arrangement as claimed in claim 5, wherein in 
each of the optical alignment systems in the radiation 
path of the alignment beam between the lens projection 
system and the radiation-sensitive detection system 
there are arranged means controlled by periodic signals 
for periodically moving a mask mark observed by the 
detection system and the image on this mask mark of the 
substrate mark relative to each other. 

13. An arrangement as claimed in claim 6, wherein in 
each of the optical alignment systems in the radiation 
path of the alignment beam between the lens projection 
system and the radiation-sensitive detection system 
there are arranged means controlled by periodic signals 
for periodically moving a mask mark observed by the 
detection system and the image on this mask mark of the 
substrate mark relative to each other. 

14. An arrangement as claimed in claim 5, wherein in 
each of the optical alignment systems the alignment 
beam has a radiation path between the mask and the 
radiation-sensitive detection system which has located 
in it a second lens system arranged for imaging the pupil 
of the projection lens system which is common to the 
two alignment systems, and wherein a diaphragm is 
arranged in the plane of the pupil image, which dia- 
phragm has apertures at the locations of incidence of 
beam portions which comprise those components of the 
first order subbeams issued by one of said substrate 
gratings which are diffracted in the zero and first orders 
by an associated mask grating. 

15. An arrangement as claimed in claim 6, wherein in 
each of the optical alignment systems the alignment 
beam has a radiation path between the mask and the 
radiation-sensitive detection system which has located 
in it a second lens system arranged for imaging the pupil 
of the projection lens system which is common to the 
two alignment systems, and wherein a diaphragm is 
arranged in the plane of the pupil image, which dia- 
phragm has apertures at the locations of incidence of 
beam portions which comprise those components of the 
first order subbeams issued by one of said substrate 
gratings which are diffracted in the zero and first orders 
by an associated mask grating. 
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16. An arrangement as claimed in claim 7, wherein in path of the alignment beam between the projection lens 
each of the optical alignment systems the alignment system common to the two alignment system and one of 
beam has a radiation path between the mask and the said mask marks an optical correction element is ar- 
radiauon-sensitive detection system which has located ranged for correcting the size and the axial position of 
in it a second lens system arranged for imaging the pupil 5 the substrate-mark image formed by the projection lens 
of the projection lens system which is common to the system. 

two alignment systems, and wherein a diaphragm is 19. An arrangement as claimed in claim 7, wherein in 

arranged in the plane of the pupil image, which dia- each of the optical alignment systems in the radiation 

phragm has apertures at the locations of incidence of path of the alignment beam between the projection lens 
beam portions which comprise those components of the 10 system common to the two alignment system and one of 

first order subbeams issued by one of said substrate said mask marks an optical correction element is ar- 

gratmgs which are diffracted in the zero and first orders ranged for correcting the size and the axial position of 

by an associated mask gratmg. the substrate-mark image formed by the projection lens 

17. An arrangement as claimed in claim 5, wherein in system. 

each of the optical alignment systems in the radiation 15 20. An arrangement as claimed in claim 8, wherein in 

path of the alignment beam between the projection lens each of the optical alignment systems in the radiation 

system common to the two alignment system and one of path of the alignment beam between the projection lens 

said mask marks an optical correction element is ar- system common to the two alignment system and one of 

ranged for correcting the size and the axial position of said mask marks an optical correction element is ar- 

the substrate-mark image formed by the projection lens 20 ranged for correcting the size and the axial position of 

sy ™V ¥ t . . , , , ^ t . th c substrate-mark image formed by the projection lens 

18. An arrangement as claimed in claim 6, wherein in system. 

each of the optical alignment systems in the radiation ***** 
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